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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 2, 3 and 5-8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kondo et al (2002/0061722) in view of Kilham (5,191,388). 

3. In reference to claim 2, Kondo discloses an apparatus to control slurry flow in a 
chemical mechanical polishing apparatus for planarizing an object to be polished by 
supplying slurry on a grinding pad through a slurry injection conduit, the apparatus 
comprising a slurry supply unit (10-3 and 42) to supply slurry to the slurry injection 
conduit (57) through a slurry supply line (56), a by-pass (561) diverged from the slurry 
line, wherein the slurry in the by-pass is returned to the slurry supply line, a photo image 
sensor (7) to detect a cross-sectional image of the slurry flowing in the by-pass, a slurry 
measuring unit (arithmetic processing unit; paragraph 48) to analyze the image 
captured by the photo image sensor to measure the sizes of particles included in the 
slurry and the density of the slurry across the cross-section of the by-pass (as seen in 
figure 2), a slurry flow control unit (10) to control the slurry supply unit based upon the 
particle sizes and the slurry density measured by the slurry measuring unit. Kondo also 
discloses that the solution as produced is sampled and diluted with pure water and then 
irradiated with light (paragraph 3, lines 1-4), which is provided at the point of the sensor, 
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because it is difficult to measure abrasive grains in some circumstances when a large 
amount of larger sized abrasive grains are present in the slurry (paragraph 3, lines 19- 
25). As discussed above, paragraph 3 of Kondo discloses that the solution is diluted 
after being removed from the main supply line and prior to passing through the sensor, 
thus it would have been obvious to one of ordinary skill in the art that a diluent solution 
would be provided to the by-pass (561) from a diluent solution supply unit in order to 
dilute the solution at a point between the main supply line and the sensor. Additionally, 
it would have been obvious to provide the diluent solution supply unit directly to the by- 
pass because a smaller amount of diluent solution would need to be added to the slurry 
solution in the by-pass than would need to be added to the slurry solution in the slurry 
supply line to sufficiently dilute the slurry solution that is passing through the sensor to 
desired amount. However, Kondo fails to specifically disclose a slurry injection nozzle, 
but does disclose that the slurry is supplied to the work piece of a CMP tool, and it is 
commonly known in the art that a nozzle may be used to supply slurry to a work piece 
accurately during the CMP process. Therefore, it would be obvious to one of ordinary 
skill in the art at the time the invention was made to provide a nozzle to supply the slurry 
to the substrate in order to control the slurry and make application of the slurry more 
accurate. The sensor disclosed by Kondo provides a light source to one side of the by 
pass, and detects the amount of light that is irradiated through to the other side, which is 
clearly collecting date based on the cross section of the by-pass that the light is passing 
through, and Kondo discloses that the sensor is used to detect the number of large 
abrasive grains contained in the polishing solution. Thus, the sensor is distinguishing 
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between large and small particles and determining the number of said large particles in 
the solution, thus by determining the number of large particles in the cross-section that 
is being detected based on the light that passes through the cross-section of the by- 
pass, the sensor is inherently detecting some form of image of the cross-section that is 
analyzed to determine the sizes of the particles (determining the number of particles 
above a certain size) and by determining the number of particles in the solution, is 
inherently determining the density of the particles in the solution. Although the sensor 
disclosed by Kondo may be considered to be a photo image sensor, Kondo further fails 
to disclose that a display unit is provided to display the sizes of particles included in the 
selected cross-sectional image and a particle density of the slurry across a cross- 
section of the by-pass. Kilham discloses an apparatus for detecting and analyzing 
particulate matter in a slurry flow, which comprises an optical transmission means for 
viewing an image of the particulate matter (particles) in the thin layer that may be 3- 
dimensional (cross-section) of a slurry flow, which is connected to a video camera for 
receiving the image of the particulate matter in the thin layer of the slurry flow (Col. 2, 
lines 61-67), thus the optical transmission means along with the video camera may be 
considered to be a photo image sensor. Kilham further discloses that the image 
detected by the photo image sensor may be enhanced by a computer and analyzed to 
determine particle size, type and quantity in the slurry (Col. 3, lines 3-8; detection of size 
and quantity in the slurry is essentially the same as detecting particle density in the 
slurry). Additionally, Kilham discloses that the video camera may also convert the 
optical image into electronic form for viewing on a video monitor, which displays an 
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image for viewing by an observer to determine the size and density of particulate matter 
in the slurry (Col. 6, lines 46-51) and that providing additional viewing capabilities will 
help overcome problems with other types of sensors, such as difficulty in determining 
whether particulate matter consists of one particle or groups of particles (Col. 1 , lines 
41-45). Therefore, it would have been obvious to one of ordinary skill in the art that the 
sensor of Kondo may be replaced by the photo image senor disclosed by Kilham, as 
known equivalents in the art, both being capable of detecting particle size, type and 
density in a slurry flow, and further to display the image on a video monitor to allow an 
observer to monitor the flow in addition, to determine size and density of the particulate 
matter in the slurry and to accurately determine whether particulate matter consists of 
one particle or groups of particles, as taught by Kilham. It would further be obvious that 
the enhancement and analysis computers disclosed by Kilham may replace the slurry 
measuring unit (arithmetic processing unit) of Kondo or may provide data to the slurry 
measuring unit and slurry flow control of Kondo to control the slurry supply unit of Kondo 
based upon the sizes and slurry density measured. Further, Kilham discloses that the 
thin layer of the slurry that is detected may be 3-dimensional, by having a thickness 
along the cross-section, thus, the particle density of the detected are will be determined 
in first, second and third dimensions, which does read on the applicant's claim limitation 
that the particle density of two dimensions is detected. Also, the thickness is a known 
value, so the particle density determined in 3-dimensions may easily be used to 
determine the particle density over two dimensions of the detected area by dividing by 
the thickness of the detected area. 
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4. In reference to claim 3, Kondo discloses that the diluent for the slurry production 
is pure water (paragraph 3, lines 1-3). 

5. In reference to claim 5, the method of using the apparatus disclosed by Kondo 
would obviously provide a method to control slurry flow in a chemical mechanical 
polishing apparatus for planarizing an object to be polished by supplying slurry on a 
grinding pad through a slurry injection nozzle, the method comprising supplying slurry to 
the slurry injection nozzle through a slurry supply line, introducing slurry into a by-pass 
diverged from the slurry supply line, supplying a diluent solution into the by-pass to 
reduce a concentration of particles of the slurry, capturing with a photo image sensor (of 
Kilham) a cross-sectional image of the by-pass in which the slurry flows and displaying 
the sizes of particles included in the captured cross-sectional image and a particle 
density of the slurry across the cross-section of the by-pass (on the monitor disclosed 
by Kilham), analyzing the cross-sectional image captured by the photo image sensor to 
measure the sizes of particles included in the slurry and the density of the slurry across 
the cross-section of the by-pass, returning the slurry in the by-pass to the slurry supply 
line and controlling supply of the slurry based upon the measured sizes of particles and 
density of slurry. 

6. In reference to claim 6, Kondo discloses that the diluent for the slurry production 
is pure water (paragraph 3, lines 1-3) 

7. In reference to claim 7, it would be obvious that the density of the slurry supplied 
to the slurry injection nozzle would be higher than a density of the diluent solution 
because the slurry supplied to the slurry injection nozzle will have abrasive particles in 
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pure water, where as the diluent solution is only pure water and because the abrasive 
particles are made of solid material, it would further be obvious that the abrasive grains 
have a higher density than the pure water or water with a pH adjuster and would thus, 
make the slurry solution of pure water and abrasive grains have a higher density than 
the diluent solution. 

8. In reference to claim 8, it would further be obvious that the amount of particles in 
the slurry supplied to the slurry injection nozzle will be higher than the amount of 
particles in the supplied diluent solution because the supplied diluent solution does not 
have any particles in it. 

9. Claims 2, 3 and 5-8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kondo et al (2002/0061722) in view of Kilham (5,191,388) and Grant et al 
(2003/0174306). 

10. In reference to claim 2, Kondo and Kilham disclose the apparatus, as discussed 
supra, and suggest structure that would require that a diluent is supplied to the by-pass 
prior to passing through the sensor but does not specifically disclose a diluent supply 
that supplies diluent to the by-pass. Grant discloses a similar slurry control unit for 
monitoring and controlling slurry density and flow and teaches that when using optical 
particle sensors, similar to those used by Kondo or Kilham, to detect size and quantity 
of particles in slurry, the slurry must be diluted enough so that only one detectable 
particle passes through the light beam at a time (paragraph 11). Therefore, it would 
have been obvious, in view of the disclosures of Kondo and Grant, to one of ordinary 
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skill in the art at the time the invention was made to provide a means to further dilute the 
slurry solution prior to passing through the sensors to ensure that the sensors can 
obtain accurate readings. It would further have been obvious that the means to further 
dilute the slurry solution will be a diluent solution supply unit and to provide the diluent 
solution supply unit directly to the by-pass prior to the sensor(s). It would have been 
obvious to provide the diluent solution supply unit directly to the by-pass because a 
smaller amount of diluent solution would need to be added to the slurry solution in the 
by-pass than would need to be added to the slurry solution in the slurry supply line to 
sufficiently dilute the slurry solution that is passing through the sensor to desired 
amount. Supplying the smaller amount of diluent solution to the slurry in the by-pass 
will reduce expense of providing the diluent solution and will also serve to better 
maintain the desired composition of the slurry that is in the slurry supply line that is 
delivered to the injection nozzles by minimizing the additional diluent added to the entire 
system. Again it would have been obvious to replace the sensor of Kondo with the 
photo image sensor of Kilham, as known equivalents in the art, which would provide a 
predictable result and to provide a video monitor to display the particle sizes and 
particle density in the slurry, as taught by Kilham. 

11. In reference to claim 3, Kondo discloses that the diluent for the original slurry 
production is pure water (abstract, lines 1-3) and Grant further discloses that the diluent 
can be several different types of water including pure water. Thus, it further would have 
been obvious that the diluent solution provided to the by-pass could be pure water. 
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12. In reference to claim 5, the obvious combination of Kondo, Kilham and Grant 
would provide a method to control slurry flow in a chemical mechanical polishing 
apparatus for planarizing an object to be polished by supplying slurry on a grinding pad 
through a slurry injection nozzle, the method comprising supplying slurry to the slurry 
injection nozzle through a slurry supply line, introducing slurry into a by-pass diverged 
from the slurry supply line, supplying a diluent solution into the by-pass to reduce a 
concentration of particles of the slurry, capturing with a photo image sensor (of Kilham) 
a cross-sectional image of the by-pass in which the slurry flows and displaying the sizes 
of particles included in the captured cross-sectional image and a particle density of the 
slurry across the cross-section of the by-pass (on the monitor disclosed by Kilham), 
analyzing the cross-sectional image captured by the photo image sensor to measure 
the sizes of particles included in the slurry and the density of the slurry across the cross- 
section of the by-pass, returning the slurry in the by-pass to the slurry supply line and 
controlling supply of the slurry based upon the measured sizes of particles and density 
of slurry. 

1 3. In reference to claim 6, Kondo discloses that the diluent for the original slurry 
production is pure water (abstract, lines 1-3) and Grant further discloses that the diluent 
can be several different types of water including pure water. Thus, it further would have 
been obvious that the diluent solution provided to the by-pass could be pure water. 

14. In reference to claim 7, it would be obvious that the density of the slurry supplied 
to the slurry injection nozzle would be higher than a density of the diluent solution 
because the slurry supplied to the slurry injection nozzle will have abrasive particles in 
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pure water, where as the diluent solution is only pure water or water with a pH adjuster 
and because the abrasive particles are made of solid material, it would further be 
obvious that the abrasive grains have a higher density than the pure water or water with 
a pH adjuster and would thus, make the slurry solution of pure water and abrasive 
grains have a higher density than the diluent solution. 

1 5. In reference to claim 8, it would further be obvious that the amount of particles in 
the slurry supplied to the slurry injection nozzle will be higher than the amount of 
particles in the supplied diluent solution because the supplied diluent solution does not 
have any particles in it. 



Response to Arguments 

16. Applicant's arguments filed 12/20/2007 have been fully considered but they are 
not persuasive. The applicant argues that neither Kondo nor Kilham teach or disclose 
that the particle density of two dimensions of the slurry is detected. However, the 
sensor of Kondo does detect the density of a cross-section of the by-pass, which would 
inherently be the particle density of two dimensions. Further, as discussed above and 
pointed out by the applicant in the arguments, Kilham does disclose that the detected 
area is 3-dimensional and that the particle density of this area may be detected. 
However, a detection of particle density in a 3-dimensional area, does read on the 
applicant's limitation that the particle density of two dimensions of the slurry is detected, 
because the detection of the 3-dimensional area clearly detects at least two dimensions. 
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Further, as discussed supra, the thickness of the detection area is a known value, so 
the actual two dimensional particle density of a portion of the area may be determined 
merely by dividing the particle density of the 3-dimensional area by the known 
thickness. 

Conclusion 

17. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Farkas et al (5,710,069) discloses an apparatus for monitoring 
and controlling slurry using a photo image sensor, Cerni et al (6,275,290) discloses an 
apparatus for monitoring and controlling slurry that comprises a by-pass with a photo 
image sensor to detect a cross-sectional image of the slurry in the by-pass, Kilham 
(5,191 ,388) discloses a photo image sensor apparatus for analyzing particulate matter 
in slurry flow, Choi et al. (2003-036970) discloses a method for measuring density and 
particle size in a slurry using ultraviolet light, Lawton (6,347,976) discloses a common 
CMP system the uses sensors to determine operating properties of the system to 
control the system and uses a nozzle to supply the slurry to the substrate. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to BRYAN R. MULLER whose telephone number is 
(571)272-4489. The examiner can normally be reached on Monday thru Thursday and 
second Fridays. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Joseph J. Hail III can be reached on (571) 272-4485. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Bryan R Muller/ 
Examiner, Art Unit 3723 
3/31/2008 



